Introduction: There are appreciable concerns among European health authorities with growing expenditure on cancer medicines and issues of sustainability. The enhanced use of low cost generics could help. Aims: Consequently, there is a need to comprehensively document current and future arrangements regarding the pricing of generic cancer medicines across Europe, and whether these are indication specific, as well as how this translates into actual prices to provide future direction. Methodology: Mixed method approach with qualitative research among senior health authority personnel and their advisers. Quantitative research via health authority databases to ascertain current prices for oral cancer medicines that had lost their patent and the influence of population size and economics on prices. Results: 25 European countries participated. Currently we see (a) variable approaches to the pricing of generic cancer medicines, which will continue; (b) no concerns with substitution for oral generic cancer medicines; (c) substantial price reductions versus originators for generic capecitabine (up to -93.1%), generic imatinib (up to -97.8%) and generic temozolomide (up to -80.7%). Prices for oncology medicines are not indication specific, and are not affected by population size although influenced by pricing approaches. There have also been price increases for some nonpatented cancer medicines following manufacturer changes although now stabilising. Conclusion: The considerable price reductions seen for some generics means health authorities should further encourage the use of generic oncology medicines when they become available to fund increased volumes and new valued cancer medicines. Countries are also starting to address price increases for generics following changes in the manufacturer
Introduction
Despite the limited health gain for most new cancer medicines, their prices have increased appreciably in recent years (1) (2) (3) (4) (5) (6) (7) . This is reflected in the price per life year gained for new cancer medicines rising four fold during the past twenty years after adjusting for inflation (2, 8) . Typically, prices for new cancer medicines are now approximately €6000 -€9000/ patient/ month and growing (1, 5, 9) , with typically higher prices for new cancer medicines in the USA versus Europe. As a result of rising prices for new cancer medicines, as well as increased prices for patented cancer medicines (5, (10) (11) (12) , coupled with the increasing prevalence of cancer (1, 13) , spending on cancer medicines in Europe has more than doubled in recent years, rising from €8billion in 2005 to €19.1billion in 2014 (at current prices) (14) .
As a result, medicines for oncology now dominate pharmaceutical expenditures in developed markets, with projected world-wide sales for oncology medicines in 2017 ranging from US$74 to US$84 billion (15) . Overall, total world-wide sales of oncology medicines are expected to reach US$112 billion (€91 billion) per year by 2020 (16). Further growth is expected after this with cases of cancer worldwide likely to rise to 21.4 million per year by 2030 (1, 13) coupled more with than 500 companies actively pursuing new oncology medicines in over 600 indications, and looking to benefit from their investment (17). The cost of cancer care also currently accounts for up to 30% of total hospital expenditure across diseases among European countries, and this is also rising with the launch of new premium priced cancer medicines (14, 18) .
Increasing prices for new cancer medicines, combined with increasing prevalence rates, is putting considerable strain on patients to access cancer treatments and healthcare systems to fund them (19) (20) (21) (22) (23) . High reimbursed prices for new cancer medicines certainly in Europe have been enhanced by the emotive nature of cancer, capturing public, physician, and political attention (13, (24) (25) (26) (27) . If these trends with new cancer medicines continue, there is a real risk that universal healthcare across Europe will become unsustainable, which will not be in the best interest of any key stakeholder group. Initiatives among European health authorities to help fund future cancer treatments, including new valued high cost medicines, include encouraging greater use of generic cancer medicines when they become available (12, 26) . This is especially important given the increasing number of cancer medicines that are now out of patent (28) . Initiatives to enhance greater use of generic cancer medicines include encouraging international non-proprietary name (INN) prescribing, financial incentives to enhance the prescribing and dispensing of generics versus originators, as well as compulsory generic substitution (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) . INN prescribing is supported by multiple publications showing no difference in effectiveness and safety between generics and originators across a range of disease areas including oncology medicines (28, (39) (40) (41) (42) (43) (44) . There have though been concerns with generic imatinib due to different polymorphic forms between the originator and generics as early small scale studies suggested differences (45) . However later studies involving more patients showed no difference in outcomes between generics and originators of imatinib (45, 46) , and, typically, no substantial evidence that generic imatinib is less effective than the originator (47) .
In general, prices for generic medicines in Europe are 20% to 80% below originator prices; however, some generics can be priced as low as 2% to 4% of the originator price before the patent was lost (48, 49) . As a result, substantial differences can occur in the prices of generics across Europe (37, 50, 51) . Overall, low prices can potentially be achieved for generic cancer medicines because of the low cost of goods that have been reported at just 1% or more of originator prices for some new cancer medicines (52, 53) . These low cost of goods have already resulted in considerable discounts for generic imatinib across countries versus pre-patent loss prices (54, 55) . However, this is not universal. For instance in China, generic imatinib is only 10 -20% below originator prices although generic capecitabine is 50% lower than originator prices (56) . There have also been low prices for generic versions of paclitaxel in Europe at just over 1% of originator prices (57) . Docetaxel also has a low price in some European markets enhanced by an appreciable number of generic versions available (26) . Having said this, changes in the manufacturer have resulted in the prices of some low volume old anti-cancer medicines rising appreciably among European countries including Italy and the UK (58) . However, pharmaceutical companies are now being fined for such behaviour, e.g. €5.2million for Aspen in Italy for price increases for some of its anti-cancer medicines, with ongoing investigations and initiatives across Europe to address this (59, 60) .
In some European countries, there have also been issues regarding the prescribing of certain generic medicines where there are different indications, one of which is still patent protected. This was the case with pregabalin for the treatment of neuropathic pain as opposed to epilepsy (61) .
There have also been concerns with drug shortages if the prices of medicines including generics become too low, which is already happening for certain parenteral medicines (62) . However, these concerns have to be balanced against the increasing availability and use of low cost generic medicines to release resources to fund increased cancer care including new innovative medicines, reducing patient co-payments where these exist, and stimulating innovation (13, 48, (63) (64) (65) .
Consequently, there is a need to document current regulations surrounding the pricing of generic oral anti-cancer medicines across Europe, and their impact on subsequent prices, as well as issues regarding prices of medicines once one indication loses its patent but not the others. As a result, the aims of this paper are multiple. The primary aim is to document current arrangements for the pricing of oral generic medicines across Europe and whether there are any differences in pricing policies for generic cancer medicines versus those for other disease areas. This is important to maximise savings following generic availability as we do see differences in reimbursement decisions for new medicines for cancer versus those for other disease areas (27, 66) . Secondly, to investigate what happens to the prices of oral cancer medicines if one indication loses its patent but not the other indication(s) since indication-specific pricing will undoubtedly reduce potential savings following generic availability, and, as mentioned, there were issues with the prescribing of pregabalin across indications when the first indication lost its patent (61) . Thirdly, to investigate how payers and their advisers envisage developments in the pricing of oral generic medicines for cancer as more cancer medicines lose their patents. Fourthly, to assess whether health authorities have any concerns with patient safety when prescribing oral generic cancer medicines similar to the situation with medicines with a narrow therapeutic index such as lithium and certain medicines for epilepsy (67) (68) (69) . Fifthly, to review current prices for a number of oral cancer medicines across Europe where generic versions are available in all or some of the countries. This will also include an evaluation of prices over time to fully assess the impact of the different pricing arrangements for generic cancer medicines across Europe since we are aware that prices of generics can vary substantially across Europe due to different policies (26, 37, 48, 49) , and that Central and Eastern European (CEE) countries are likely to have generics earlier (70) . Sixthly, to assess whether there are any differences in the prices of generics by population size and geography (CEE vs. Western European countries) as there have been concerns that countries with small populations, and hence lower economies of scale, may have difficulty negotiating low prices for medicines (71) ; however, published literature has not found to be the case (31, 72) . Countries with greater economic power may potentially be able to negotiate lower prices for generics, and we will also investigate this. Lastly, as mentioned, prices of some old low volume anti-cancer medicines have risen among European countries in recent years with changes in the manufacturer (58) , and we will assess the impact of any changes in manufacturers on subsequent prices, and the likely future direction.
We developed a number of hypotheses for the different aims. These include:  there will be no difference in the pricing of generics for cancer medicines versus generics for other disease areas and no changes in the short term with pricing regulations for generics  there may be differences in the prices of cancer medicines for different indications similar to pregabalin  there will be no safety concerns with oral generic cancer medicines and so no concerns with substitution  there will be substantial price reductions for oral generic cancer medicines similar to other generic medicines; however, prices will vary considerably across Europe similar to other generics  population size and economic power will make limited difference on possible prices for generics, with prices mainly governed by the pricing policies in individual countries.
We believe that this is the first time that such comprehensive research regarding the regulations surrounding the pricing of oral cancer medicines, and their influence on subsequent prices, has been undertaken across Europe. Consequently, we believe the findings will inform future discussions within and between European and other countries regarding the pricing of oral generic cancer medicines now and into the future. In addition, we aim to stimulate discussions regarding subsequent prices and/ or discounts for still patented oral cancer medicines that used off-patented products as their comparator during pricing negotiations. As a result, help with issues of affordability and sustainability of medicine use in the future in this high priority disease area.
When we refer to 'generics', we mean the chemical entity (INN). This study also includes imatinib, a comparatively newer anti cancer agent, which is treated similarly to other oral generic cancer medicines. Biosimilars of originator biological medicines are regulated by a different framework, and incentives to increase their use are different (73) . Consequently, we will not be discussing biosimilars.
We have chosen to concentrate on Europe in view of the high use of generic medicines in this region. There are also different approaches to the pricing of generics among the various countries, as well as an appreciable number of existing initiatives to enhance the prescribing of generic medicines.
Methodology
A mixed method approach was employed including both qualitative and quantitative research to meet the study objectives, and included 25 European countries (Box 1). This appreciable number of European countries fully encompasses differences in geography, population size, gross domestic product (GDP) per capita, pricing approaches towards generics as well as different approaches to the financing of healthcare (30, 70, 74) . Countries were also broken down into CEE and Western European countries based on the OECD definition (75) to ascertain any differences in the pricing of oral generic cancer medicines based on population sizes and market power.
Qualitative interviews were undertaken with senior personnel within health authorities including heads of pricing and reimbursement of medicines as well as their advisers and a limited number of academics with expertise on national pharmaceutical issues and other key issues across European countries. The involvement of these senior level personnel in the qualitative interviews, and their involvement as co-authors, is seen as very important to enhance the accuracy, robustness and insight of the replies as there have been concerns when such approaches are not used (76, 77) . The coauthors were either identified via the Piperska group (78, 79) -a multidisciplinary network of professionals with interest in the quality use of medicines -or had been previous co-authors on similar pan-European projects involving generic medicinal products (29, (80) (81) (82) . We have successfully used this approach in other key areas (30, 61, 70, 73, 74, 80, 81, 83) .
The qualitative questions to address the identified objectives included:  Current regulations for the pricing of generics in their country and whether there are any differences for oral generic cancer medicines versus those for other disease areas  Whether there are any concerns with the substitution of any of the selected oral cancer medicines or other oral cancer medicines similar to the situation with lithium and some medicines for epilepsy?  What is the current situation for the pricing of multiple sourced medicines for cancer if one or more indications are still patent protected building on the experiences with pregabalin?  Any likely future changes in the pricing of oral generic medicines for patients with cancer?
If applicable, pricing policies for generics were broken down into three principal groups to aid comparisons. This builds on previous publications that have used this approach (84-87), and include:  prescriptive pricing policies (price regulated market) with established percentage reductions for successive generics  market forces (free market) where there is typically free pricing for generics with market forces helping to drive down prices  mixed approach (combination) including prescriptive approaches, market forces and other mechanisms including external reference pricing among selected European countries as external reference pricing is common across Europe Health authority and health insurance company databases were used for the quantitative research apart from Greece and Serbia where commercial sources were used. The information within these databases is robust as they are typically used to trigger payment to pharmacists. In addition, the databases are regularly audited, and cover the whole country rather than a sample of pharmacies as seen with commercial databases. We have used this approach before when conducting research on prices and utilisation of generics, originators and patented products within a class or related class (30, 49, 70, 72, (80) (81) (82) 88) .
The oral cancer medicines selected for the quantitative research were busulfan (L01AB01), capecitabine (L01BC06), chlorambucil (L01AA02), cyclophosphamide (L01AA01), flutamide (L02BB01), imatinib (L01XE01), melphalan (L01AA03), methotrexate (L01BA01), and temozolomide (L01AX03) (89). These oral cancer medicines were chosen to provide a range of medicines for use across different cancer types, with typically multiple indications, covering the oral cancer medicines listed in the World Health Organisation (WHO) essential medicines list, and exhibiting varying timings regarding the loss of patent, building on previous publications (55) . Oral medicines such as gefitinib, sorafenib, sunitinib and tioguanine were not included as there appeared to be no generics yet available for these oral cancer medicines even among the selected CEE countries at the time of the study. The (non-) tyrosine kinase inhibitors are a particular case as there are typically multiple indications as well as potentially different dates for patent loss across countries (90).
Since the perspective of this study is that of health authorities, reimbursed prices were principally chosen for comparative purposes rather than total prices, which include patient co-payments. Reimbursed prices can include prices after deducting legally mandated discounts; however, this is unlikely for generic medicines. In a minority of countries, e.g. Kosovo, procured and total prices were used as reimbursed prices were unavailable. In Italy and Norway, reimbursed prices were also listed but the medicines are typically dispensed in hospitals where further confidential discounts are provided. However, since these discounts are confidential, we could only report ambulatory care prices. Furthermore, in some countries, prices did not include VAT and/ or pharmacy margins, e.g. Malta, the Netherlands and the Republic of Srpska. However, this was not seen to have an appreciable impact on the analyses since percentage reductions were typically used for comparative purposes to assess the influence of different policies. In addition, the prices of generics at least initially in a number of European countries are based on percentage reductions from pre-patent loss originator prices (30, 70) . We have successful used this approach in a number of previous publications (30, 70, 74, 80, 84) .
We are conscious that we used prices from Scotland rather than the UK as a whole. However, there are no differences in prices across the UK with reimbursed prices in ambulatory care based on the tariff price coupled with free market competition, which leads to further price reductions over time. Similarly, no differences are envisaged in generic and originator prices in ambulatory care in Catalonia versus Spain as a whole. However, we acknowledge that there will be differences in hospital prices across Spain through variations in discounts and managed entry agreements between the different regions (91).
Prices were collected over a period of time between 2013 and 2017, based on the unit, e.g. tablet strength, for the different originators and the cheapest generic substitute unit available, especially for branded generics, as opposed to defined daily doses (DDDs). Unit strength was chosen as generally there are no DDDs for oral cancer medicines in view of typically a number of indications for each molecule (89). The documented prices for each year between 2013 and 2017 were the last available price for that year, e.g. October to December if prices are adjusted every 3 months or December if prices are adjusted monthly. The years were chosen to assess the extent of any price changes in recent years especially given recent price increases for some off-patent medicines.
The actual unit strength chosen for comparative purposes reflects the most used strength in a number of European countries, although we recognise that there may be different strengths available in some countries. In addition:  If no generic was available in a country, this was recorded as NA (not available)
 If the generics were not available in the suggested strength -but were available in different strengths along with the originator -then the strengths were typically recorded to track particular generic prices over time and in relation to the originator. This may mean we could not undertake comparisons between countries in all cases; however, this was a secondary consideration  If there were different pack sizes for the generics versus originators in the stated strength, the pack size chosen was the size that gave the lowest price per unit during the year and again a note was made of this practice  If the generics were only available in liquid form but the originator was still available as a tablet, we stated that the generic was not available as a tablet (NA) and just recorded the originator details in the spreadsheet. However, the strength of the generic liquid formulation and its price over time were recorded separately on an MS Excel sheet to see if this changed over time. This would be commented on if pertinent
Initially prices were documented in the country's currency if this was not Euros. Subsequently where relevant, prices were converted to Euros for the purposes of comparison based on current exchange rates and validated with the co-authors to enhance the robustness of the findings (Table 1A) . Table 2A in the appendix contains details of the population sizes and the breakdown of countries into three groups for analysis purposes (small, medium and large). Countries with populations under three million were described as small, those with populations between 3 and 16 million as medium, and the remainder as large to produce three roughly equal groups although recognising that more countries were in the 'small' category than in the others.
Statistical tests were performed to ascertain any trends in prices across countries as well as any difference in price reductions over time as a result of the different approaches towards the pricing of generics across Europe. The significance threshold was set at p>0.05. Statistical tests were also run to check whether prices were influenced by population size as this has been a concern in the past. However, we did not have enough variables to perform any multivariate analyses as there are not enough specific measures in each European country that had been initiated to control the price of generic cancer medicines which could be used as a yes/ no variable. We have though collated the impact of the different pricing approaches for generic medicines across Europe as one of the principal objectives of this paper was to document these and their influence on subsequent prices for oral generic cancer medicines.
No analysis was made regarding the impact of volumes on generic prices as seen in other studies because this was not a focus of the paper (92). This will be followed up in future studies. Potential savings from the increased utilisation of generic medicines for cancer over time will also form a separate project building on previous calculations (93).
Results
In line with the objectives of this paper, we will first report the findings from the qualitative research. This will be followed by the findings from the quantitative research.
Regulations surrounding the pricing of generics including those for cancer across Europe

Regulations for the pricing of generics generally and for oral cancer medicines including likely changes in the short term
As previously seen, there were differences in the approaches to the pricing of generics among the various European countries (Table 1) , which could again be categorised under three broad headings. These are: (i) prescriptive pricing approaches; (ii) market forces and (iii) and a mixture of the approaches.
As shown in Table 1 , there were no differences in the pricing approaches for generic oral medicines for oncology compared with those for other disease areas (Table 1 ) apart from the fact that in some countries these cancer medicines were dispensed in hospitals, which could include additional discounts that are typically confidential. This is important given the considerable savings that can be achieved with the introduction of generics (Table 3) . Malta uses an external reference price system with other European countries for new products and comparison to previous tendering prices to set a maximum price to be awarded for tenders for publicly procured medicines. Procurement is undertaken through a centralised tendering system which covers all medicines listed on the Formulary of the Government Health Services for all entitled patients in primary as well as secondary and tertiary care. Medicinal products are listed on the Formulary by INN and tendering specifications are by INN.
The principal objective is to give all entitled patients access to all medicines listed on the Formulary. Patients do not pay for medicines at the point of dispensing.
These regulations apply equally to generics for cancer as well as non-cancer indications.
Typically, prices apply to the medicinal product rather than the indication.
No changes are envisaged to the pricing of oral generic cancer medicines in the short to medium term This Rulebook defines the maximum wholesale price of the medicine in B&H (VAT not included) and includes a reference pricing system. It is applied both to generics and inovative medicines on the same way. For generics, prices are compared with the pricies of currently available generics. For inovative medicines, prices are compared to other inovative medicines. This refers to all medicines with marketing authorisation issued by the Agency for Medicinal Products and Medical Devices of B&H (Agency) and dispensed via a medical prescription. The responsible institution for the calculation of the prices defined by this Rulebook is the Agency. VAT in B&H (all goods) is 17%.
Medicines for in-hospital use such as typically those for cancer are procured by the Health Insurance Fund of the Republic of Srpska via Public Procurement Law of B&H (Official Gazzette of B&H, No 39:2014). Medicines are procured via tender procedures, with established criteria for awarding the contract. A decision is subsequently made on the most favorable bidder (the bidders are wholesalers).
Medicines used in the treatment of cancer in the Republic are procured by the Health Insurance Fund of the Republic of Srpska for hospitals and listed with defined indications for use. The price will apply to all listed indications whether some are patent protected or not.
No changes are envisaged to the pricing of oral generic cancer medicines in the short to medium term Cyprus (market forces -generics public sector)
Generics are priced up to the 80% of branded product's price, which are priced via external price referencing. This price is applicable for the private sector. The public sector procures all medicines with tenders, which can lead to low prices. Medicines for cancer (and other conditions where prices are high) are covered for the whole population by the public sector. Consequently, there is little or no private market for medicines for cancer in reality.
There are no differences in the pricing of generics for medicines for cancer than other conditions in the public sector, and no concerns with substitution of current generic medicines.
If an indication of a branded product is patented, this does not affect the pricing of the generics for the other indications. The branded product is priced the same for all the indications/uses irrespective of the patent status of each indication and the availability of generic alternatives for the remaining indications.
Once the National Health System is in place in Cyprus (June 2019 -outpatient & 2020 full NHS), medicines will typically be reimbursed by the national health insurance organisation (HIO) and will be subject to rebates and clawbacks based on the list price. Pricing will continue to be performed by the MoH, with several changes being considered which will affect list prices.
The first generic entering the market has to be 30% cheaper than the originator and the following generic(s) must be 10% cheaper than the current highest priced generic to be reimbursed.
These regulations apply to all generic medicines whether for oncology or not.
The generics are provided the same terms for prescribing as the originator regarding the indications and any possible restrictions.
No changes are envisaged to the pricing of oral generic cancer medicines in the short to medium term. There is no difference between the system for medicines for cancer as opposed to other disease areas.
The procured generic medicines can be used for all pertinent indications whether some are patent protected or not.
Likely to see external referencing pricing in the future as well as greater scrutiny regarding the prescribing of cancer medicines against agreed guidance given current concerns.
Latvia (96) (mixed)
The price of the first generic entering the reimbursement list should be at least 30% lower than the originator price. The price of the following two generics should be at least 10% less than the current list price. All the subsequent generics should be priced at least 5% less than the current list price of the reference group for reimbursement. In addition, the price of generics should not exceed the prices in Estonia and Lithuania, and the third lowest price in Czech Republic, Romania, Slovakia, Hungary, and Denmark, with all medicines with the same indication reimbursed at the same rate.
These regulations apply to all generics whether for cancer indications or not.
The reimbursement system lists by INN with respective to given conditions and does not distinguish patented and not patented indications.
The national strategy for improving oncology care 2017 -2020 published in 2016 does not include any new provisions regarding the pricing of oral generic medicines in Latvia.
Slovenia (mixed)
The National Agency sets the highest allowable prices for generics based on the average price in 3 reference countries: France, Germany Austria. The Health Insurance Institute (ZZZS) can negotiate lower prices.
For the originator and all generics, the therapeutic group (cluster) is established with ZZZS covering 100 % the costs of the generic medicine with the lowest price across indications. If the originator is more expensive, the patient pays the difference. However, physicians can protect a patient from co-payment with a "Do not substitute" clause on prescription.
These regulations apply to generics for cancer as well as non-cancer indications.
There are no envisaged changes to the pricing of generics in Slovenia; however, the system should be improved to enhance INN prescribing including biosimilars Lithuania (87, 97) (mixed)
The first generic medicine must be at least 50% below originator prices to be reimbursed, the second and the third generics at least 15% cheaper than the first generic, with the price of the fourth generic 10% lower than the second (till January 2015 -30 % below originator prices to be reimbursed, the second at least 15% cheaper than the first, with the price of third generic 10% lower than the second). Where more than three products with the same INN are reimbursed, the originator must not be priced higher than 10 % (till July 2017 -40%) above the cheapest generic to continue to be reimbursed.
There is an external reference pricing system in Lithuania based on 8 countries -Latvia, Estonia, Bulgaria, Poland, Romania, Czech Republic, Slovakia and Hungary. The declared manufacturer price must be within a 95% average price of the reference countries to be reimbursed across indications.
There are no differences in the pricing regulations depending on the disease area, e.g. cancer vs. non-cancer.
No changes are envisaged to the pricing of oral generic cancer medicines in the short to medium term. There will be some changes for all reimbursed medicines from July 2018: co-payment for all reimbursed medicines can be higher than 20% of the reimbursed price or €4.
Albania (98) (mixed)
There is an external reference price system for medicines including generics in Albania. The reference countries are Croatia, Italy, Macedonia, Serbia and Slovenia.
There are no differences in the pricing regulations for generics for cancer as opposed to other disease areas.
Most of oral cancer medicines are reimbursed by the state, with the generic with the lowest price is the first alternative for the patient with no differences by indication.
No changes are envisaged to the pricing of oral generic cancer medicines in the short to medium term Norway (99, 100) (prescriptive) Norway introduced the 'Stepped Price Model' for generics in 2005 alongside incentives to pharmacies to enhance substitution. The 'Stepped Price' became the maximum price paid by the Norwegian National Insurance System (NIS) for the molecule. The first generic(s) are priced initially 35% below the maximum pre-patent loss prices up to 12 months before generic alternatives. Six months after the first generic is launched, there is a 59% to 81% price reduction. The extent of the reduction depends on whether current annual sales estimates are < or > 100mnNOK. 12 months or more after the second step, the price decreases to 69% for annual sales between 15mn and 30mn NOK, 88% for 30-100mn NOK and 90% reduction for annual reimbursed sales > 100mn NOK after the second cut.
These pricing regulatons apply to all generics whether for oncology or not.
Typically there is no difference in pricing approaches whether one indication is patented or not especially with cancer medicines which are typically dispensed in hospitals and subject to additional discounts and rebates with the manufacturers.
In May 2017, all cancer drugs were transfered to the hospital budgets. As a result of this, the pricing mechanism of stepped price was replaced by a tender system with secret price discounts.
Slovakia (38) (mixed)
Medicines can only be included in the reimbursed list if their prices are lower than the average of the three lowest prices in the EU.
With respect to generics, the price of the first generic seeking reimbursement must be lower by a minimum of 35% compared with the originator in the same reference group or cluster.
In addition, physicians are obliged to prescribe by INN name and pharmacists must inform patients about cheaper alternatives when filling a prescription. Should the physician not provide any reason why a generic cannot be used vs. the originator, the patient may choose the less expensive option under the supervision and advice of a pharmacist.
Serbia (101) (mixed)
Serbia has introduced an external reference pricing system for medicines including generics. These are based on three reference countries: Croatia, Slovenia and Italy. Once generics become available, the originator company must lower its price to the same price as the generics to still be reimbursed, with subsequent generics priced similar or 10% lower than the previous generic. The lowest priced product subsequently establishes the reference price for the molecule. This applies to all generics whether for cancer indication or not.
There should be no difference in pricing approaches whether one indication is patented or not especially with cancer medicines typically dispensed in hospitals subject to additional discounts and rebates from manufacturers.
The main envisaged difference in the medium term is the likely changes in the reference countries.
Bulgaria (96, 98) 
The price of the first and following generics should not exceed 70% of the price of the originator. Subsequently to stimulate competition, as a result of internal reference pricing, the lowest price per DDD is reimbursed for a particular INN. The ex-factory price may not be higher than the BGN equivalent of the lowest ex-factory price for the same medicinal product in the reference countries (total number is 17 -10 principal countries with 7 additional reference countries). The ceiling retail price is calculated as a sum total of the manufacturer price, wholesaler price and retail price combined with VAT of 20%. The prices are published on the web page of the National Council on Prices and Reimbursement (www.ncpr.bg). Confidential discounts can subsequently be negotiated with hospitals and National Health Insurance Fund.
There are no differences in the pricing rules between generics for oncology or other medicinal products.
Reimbursed medicines can only be used according to the indications included in the SPC. If there is exclusivity for some indications, this is respected in reimbursement and prescribing deliberation. As a result, the originator might be more widely utilized for more indications than generics.
No major differences are envisaged in the short to medium term Austria (61, 85, 102, 103) (mixed) Prior to April 2017 the price reduction requirement for the first generic was 48 % below the price of the originators, 15 % lower still for the second and 10 % lower still for the third. After April 2017, the first generic 'follower' is priced at least 50% below the price of the originator. The second and each subsequent 'follower' generic is required to have a price difference related to the previous molecule including a generic, i.e. the price of the second generic 'follower' has to be 18% lower than the first 'follower' and the price of the third 'follower' has to be 15% lower than the price of the second 'follower' to be reimbursed. The price of the originator has to be reduced by at least 30% within three months after the inclusion of the first generic follower into the reimbursement list otherwise it will be delisted. If there is a 3rd follower, all marketing authorisation holders of that product have to decrease the price to the price of the 3rd follower for continued reimbursement. Further generics have to offer price deductions of at least € 0.10/ pack to be included in the reimbursement code.
There are no differences in the pricing regulations between oncology and other medicinal products regarding the pricing of generics.
In Austria, physicians are obliged to prescribe the most economical alternative if they are both therapeutically suitable for treatment so this will typically be the generic whatever the indication.
The current higher discount rates for generics are valid until the 31 st of December 2021. If there is no legal amendments, the rates will be reduced to those prior April 2017 levels at 1 st of January 2022.
Sweden (104-106) (market forces)
Generic substitution is mandatory in Sweden unless concerns, with the pharmacy obligated to dispense the least expensive pharmaceutical product regardless of what product is prescribed. The preferred product (typically one of the branded generics) is appointed through a monthly auction guaranteeing a high level of sales the following month. The pharmaceutical company must ensure availability of the pharmaceutical during the entire price period and that the expiring date of the product meets the minimum requirements. There are also two back-up products that pharmacies can switch to if it is not possible to obtain the cheapest alternative.
There are no differences in the regulations between oncology and other medicinal products, and there is currently no indication monitoring. Consequently, no possibility to differentiate between indications if one is patent protected but not the other.
No major changes are envisaged in the short to medium term Greece (107) (mixed) According to Law 4337/2016, the price of the originator medicine is predicted to be 50% of its price pre-patent loss (off-patent medicine), while a generic should be 65% of the price of an off-patent medicine. However, Ministerial Decision 28408/19.4.2016 states that generics may not be more expensive than off-patent medicines. Even after the implementation of the ministerial decision, it has been observed that some generics are more expensive than off-patent medicines by up to 30%. This is being addressed with price reductions; however, there are still concerns with the pricing of generics in Greece.
Typically, there are no differences in the regulations between oncology and other medicinal products, with similar prices across indications.
Belgium (mixed)
Under the internal reference price system from 1 st March 2016 (the so-called "patent cliff"), the reference price is set by reducing the price of the originator by 43.64% (or by 51.52% for fully reimbursed drugs).
The price of any medicine in the reference cluster must be lower than the reference price plus a safety margin (this safety margin consists of 25% of the reference price, with a maximum of €5). Patients have to pay an additional co-payment to cover any additional cost for their preferred product over and above the reference price for the molecule if this occurs, which is not indication specific.
Originator and generic drugs in the reference cluster are also subjected to a price reduction imposed on "old" drugs, which consists of an additional reduction of 19% after 12 years of reimbursement and 2.41% after 15 years, unless these reductions have previously been applied.
There are no differences between generics for oncology and other disease areas, and no changes are envisaged in the short term.
Netherlands (49) (market forces)
Introduction of the preference pricing policy in 2008 whereby only the cheapest generics would be reimbursed, with patients having to cover the costs themselves for a non-preferred drug. Tenders are conducted every three months.
In the case of cancer medicines, typically these are dispensed in hospitals with the hospitals generally achieving additional discounts. This will apply whatever the indication.
No changes are envisaged in the short to medium term Romania (96) (mixed)
The maximum medicine price (CANAMED), approved by MoH, is the lowest price from 12 reference EU countries: Austria, Belgium, Bulgaria Czech, Republic, Germany, Greece, Hungary, Italy, Lithuania, Poland, Slovenia, Spain. The maximum price for generics ≤ 65% of the originator. There are no differences regarding CANAMED price approval between generics for oncology and other disease areas. There are no differences in the regulations between oncology and those for other medicinal products.
Future initiatives include greater encouragement of generic medicines through decreasing originator prices by 35% when the patent expires (short term). Eventually, a differentiated clawback tax for originators and generics (medium term).
Poland (mixed)
The official selling price for the unit dose of the first generic equivalent cannot be higher than 75% of the official selling price for the unit dose of the originator reimbursed in a given indication. When the first generic enters the reimbursement list, the reimbursement limit is set to the generic price which leads to a reduction of the refund for all preparations in a given limit group. Moreover, after the market exclusiveness of an originator expires, its price is reduced by at least 25% (even if no generic is available).
There are no differences between generics for oncology versus other disease areas.
In case of imatinib two different reimbursement paths exist: one for GIST (Glivec ® patent protection) and one for other indications. In the patented indication, only the originator is reimbursed and its price is stable and not influenced by generic availability. In indications that are not patent protected, the reimbursement limit is set to the generic prices.
It is difficult to say if there will be any changes in the pricing of generics in the short to medium term Spain (61, 82, 108) (market forces)
Market forces help drive down generic prices, enhanced by pharmacists mandated to dispense the cheapest molecule once multiple sources are available coupled with INN prescribing with no opportunity for additional co-payments by patients for a more expensive drug. The follower generic typically has to be cheaper to be reimbursed and used. The reference price (which is paid by the state) is the price of the cheapest product. Consequently to be reimbursed, the originator must reduce its price to the generic price.
Typically originators will reduce their prices to be reimbursed; consequently, the issue of differential pricing per indication does not typically arise.
No changes are envisaged at least in the short term.
Italy (109) (mixed) Since 1 July 2013, a new, voluntary system for pricing and reimbursement of generic medicines has been introduced. The price of the first generic will be automatically determined based on (i) the price of the originator medicine at the time of application and (ii) the level of pharmaceutical expenditure of the medicine in the 3 years prior to patent expiry. This has resulted in 8 discount tiers for fully reimbursed medicines (Category A) between 45% to 75%. A generic medicine will be granted automatic pricing and reimbursement approval if the requested price is below this discounted maximum price. There have also been additional price cuts to help the authorities stay with agreed pharmaceutical expenditure limits.
There are no differences in pricing arrangements between generics for oncology versus other disease areas.
Internal reference pricing system is not dependent on indications although the reimbursed indications have to be respected; with patients required to pay the difference for a more expensive originator if wished No major changes are envisaged in the short to medium term
The price of the first generic must be 60% % below the originator (55% before 2015, 60% from 2015), with prices falling by an additional 7% after 18 months, with pharmacists incentivised to substitute generics when an originator is prescribed. In addition, there is a 20% decrease in the price of the originator when generics are first introduced and an additional decrease of 12.5% after 18 months.
No major changes are envisaged in the short to medium term.
UK (110-113) (market forces)
There is free pricing for generics in the UK. Ambulatory care reimbursed prices are based on the tariff price coupled with free market competition, which leads to further price reductions over time.
In England, the 'M' (Manufacturer) and 'W' (Wholesaler) scheme was introduced in April 2005 to increase transparency in the manufacture and pricing of generics, as well as discounts and other incentives offered by the manufacturers of generics to wholesalers and pharmacists to enhance the stocking and dispensing of particular generics. As a result, prices of high volume generics can be as low as 3% of pre-patent loss originator prices There are no differences in pricing arrangements between generics for oncology versus other disease areas. In addition, high INN prescribing across indications.
There is high INN prescribing in the UK (98-99% where no controversies) and there have been concerns with the prescribing of generics and originators when some indications are patent protected, e.g. pregabalin. However, this is not universal and no concerns yet for oral cancer medicines.
The major change in the future in the UK is there will be greater scrutiny over generic prices where there is limited or no competition and where there are perceived high unjustified prices. This will result in negotiated price reductions for usage and funding in the UK.
Pricing of oral cancer medicines if one indication has lost its patent
There were generally no issues with the pricing and usage of oral generic cancer medicines once one indication had lost its patent but not the other indication(s) ( Table 1) ; however, this was not universal. There is similar to the situation in Germany once the first indication for a multiple sourced product has lost its patent (61), i.e. the generic medicine can be prescribed across all indications at the discounted price versus the originator. However, this is different to the situation that existed with pregabalin among a number of European countries where the generic could only be prescribed for epilepsy and the originator must be prescribed and reimbursed accordingly for neuropathic pain (61) .
This situation is encouraging for maximising savings following generic availability given the considerable savings that can be achieved with the introduction of generics (Table 3) , and will be closely monitored in the future. This includes procured medicines for distribution in hospitals.
Substitution of oral cancer medicines and initiatives to encourage their prescribing
It was also encouraging to see that once generics became available, there were no concerns with substitution with the selected oral generic cancer medicines (Table 1 ). This is similar to the general situation for cancer medicines (28) . Consequently, originators can be substituted with generics without compromising care. This is again important for maximising savings once generics become available.
Initiatives to encourage the prescribing of generics in preference to originator cancer medicines among the various European countries (Box 2) were similar to those for generic medicines in generally.
Box 2 -Initiatives across Europe to enhance the prescribing of generics versus originators  The cheapest priced medicine is the first alternative for patients (Albania)  Additional patient co-payments to cover any price difference if the patient prefers an originator versus a generic, e.g. Bulgaria, Latvia, Serbia, and Slovenia  Incentives for physicians to prescribe generics rather than originators, e.g. Austria  Incentives for pharmacists to substitute with a generic if an originator is prescribed, e.g. France  Encouraging INN prescribing, e.g. Estonia, Lithuania, Romania and the UK.
NB: INN = International non-proprietary prescribing
Price reductions with generics over time and with originators, as well as the influence of population size and market forces
Prices for originator 400mg imatinib were similar in Western European countries in 2015 before generic availability (Figure 1 ). Generic imatinib was already available in CEE countries before this date, e.g. in Albania, Estonia, Latvia, Lithuania, Romania, Serbia and Slovakia generic imatinib was available in 2013 or before and in Poland and Slovenia in 2014. Generic capecitabine and flutamide were already available in a number of Western European countries in 2013. The other three oral anticancer medicines were already available as generics among Western European countries before 2013. As expected, there were differences in the prices of the generics for capecitabine (500mg), flutamide (250mg), imatinib (400mg) and temozolomide (20mg and 250mg) in 2017 among the European countries where these generics were available (Table 2) , reflecting differences in the approaches to the pricing of oral generics among the various European countries (Table 1) . There were no differences in the prices of capecitabine (500mg), flutamide (250mg), imatinib (400mg) and temozolomide (20mg and 250mg) when the countries were broken down into small, medium or large populations (Table 2A ) apart from generic imatinib for European countries with large populations, i.e. capecitabine (p=0.372 for medium and 0.100 for large), flutamide (p=0.70 for medium and 0.385 for large), imatinib (p=0.249 for medium and 0.037 for large), temozolomide 20mg (p = 0.764 for medium and 0.085 for large) and temozolomide 250 mg (p = 0.951 for medium and 0.105 for large). Prices for generic capecitabine (p=0.007), generic imatinib (p=0.015) and temozolomide 20mg (p=0.015) were though typically appreciably higher when combined among Western European countries compared with CEE countries. However, this was not the case for flutamide or temozolomide 250mg. This will change for generic imatinib as prices fall among the large Western European countries over time, e.g. generic imatinib in Scotland by March 2018 was already 89.1% below pre-patent loss prices having only been made available in 2016.
Overall in 2017, the differences in the prices of generics of capecitabine (500mg), flutamide (250mg), imatinib (400mg) and temozolomide (20mg and 250mg) among the different European countries ( Table 2) appear to be a reflection of the differences in the country's pricing approaches towards generics (Table 1) rather than population size when broken down into small, medium or large, as well as the timing of generic availability. These findings are similar to those with generic busulfan, chlorambucil, cyclophosphamide and melphalan (Table 4) , and confirm this trend certainly for oral generic cancer medicines.
There also appears to be no correlation in terms of the price reductions seen for generic capecitabine, flutamide, imatinib or temozolomide in 2017 versus 2013 originator prices with population sizes, i.e. appreciable price reductions over time were not confined to European countries with higher populations (Table 3 ). There was also no significant difference in the percentage reduction between Western and CEE countries for capecitabine, flutamide, imatinib or temozolomide. NB: *In a small number of countries only 100mg imatinib was available -so their % reduction is recorded; **2012 originator prices If anything, there was a greater reduction in the prices of generic capecitabine ( Figure 2 ) in countries with a mixed approach to the pricing of generics versus those with market forces (p=0.035) and prescriptive (p=0.041) approaches. This was not the case for generic imatinib (Figure 3 ) although there was a trend (p=0.079 for market forces and 0.119 for prescriptive pricing approaches). However, this may change as prices of generic imatinib fall in the Netherlands, Spain, Sweden and the UK, e.g. as mentioned generic imatinib in Scotland was already 89.1% below pre-patent loss prices by March 2018 having only been made available in 2016. 
Price changes for generics with changes in the licence holder
In recent years, the generic manufacturer Aspen has taken over the licence of busulfan, chlorambucil, and melphalan, and enjoyed market monopoly, with typically no generic competition, despite the loss of patent protection. Another pharmaceutical company, Baxter, has used a similar strategy with cyclophosphamide. Countries have typically been faced with having to either accept these higher prices or no longer procuring and/or reimbursing these medicines. Figure 4 depicts current prices per tablet for these four oral generic anti-cancer medicines (2017) where these are currently listed and reimbursed since not all European countries currently reimburse these four medicines. There were no significant differences in the mean prices for these four anticancer medicines between Western and CEE countries. In the case of busulfan, there was a difference in current prices among European countries, with Western European countries typically having higher prices but this did not reach significance (p=0.08). Population size again did not appear to influence subsequent prices. There were appreciable price rises in a number of other European countries following Aspen's purchase of busulfan, chlorambucil and melphalan from GlaxoSmithKline (Table 4 ). Overall there again appears to be no link between prices, geography and population size for these four medicines despite previous concerns. If anything, countries with smaller populations such as Estonia had lower prices than Belgium, Italy and the UK. This appears to be in contrast with previous publications (71) , although this is in accordance with previous findings in Lithuania and the Republic of Srpska (31, 72) .
The difference in prices of these four molecules between the countries in 2017 may well reflect differences in negotiations when the new company took over the molecules and re-launched them as a new originator at a higher price. Countries such as Estonia appeared successful in negotiating lower price increases for the re-launched medicines versus for instance Belgium, Italy and the UK. However, as mentioned, the company was subsequently fined €5.2million in Italy for their activities (59) . Currently Germany has a moratorium law stating that for any price increase, there will be an 
Busulfan 2mg Chlorambucil 2mg Melphalan 2mg
Taken off the market as low sales increase in the mandatory rebate of exactly the same amount as the increase. Effectively, this means that the price paid by statutory heath care funds for ambulatory care medicines does not change (114, 115) . Legislation is also being introduced in the UK to reduce the price of generic medicines where competition fails to reduce prices and companies are seen to charge the NHS unreasonably high prices (113) . The Competition and Markets Authority (CMA) in the UK has also provisionally found that two companies broke the law by agreeing not to compete to supply generic hydrocortisone to the national health service driving up annual costs by GB£2.0million (116). There are also ongoing deliberations in Europe regarding concerns with appreciable price increases for generics and whether this breaks EU competition rules (60, 117) . In addition, we may see countries combining to form regional co-operations between Member States to further reduce prices where there are concerns with unjustified price rises building on current consortia (118-120). However, this has to be balanced against issues of future profitability and potential drug shortages with for instance only 75 melphalan tablets dispensed in ambulatory care in Scotland during the study period (SM personal communication), and just with just 11 boxes of generic melphalan dispensed in Serbia in 2015.
Discussion
We believe this is the first study to comprehensively research the situation regarding the pricing of oral generic cancer medicines in this high priority disease area. We believe our findings again highlight the differences that are seen in the various approaches to the pricing of generics across Europe (Table 1) and their subsequent influence on the prices of generics and discounts obtained. These considerable differences are in direct contrast with the more limited differences in prices for onpatent medicines across Europe, especially high cost ones (121), although these can still be considerable (122) .
Prices for generic capecitabine, imatinib, and temozolomide 20mg, were significantly higher when combined among Western European countries as compared with CEE countries. This may reflect greater availability of resources to spend on medicines among Western countries. However, this is not universal as there were no differences in prices between Western European and CEE countries for flutamide or temozolomide 250mg. Alternatively, generics may be available earlier in CEE countries with associated earlier falls in their price as seen with imatinib. As mentioned, generic imatinib in Scotland was already 89.1% below pre-patent loss prices in March 2018 having only been made available in 2016 ( Figure 1 ). Having said this, there were already some appreciable price reductions for these various molecules and strengths among Western European countries comparing generic prices in 2017 vs. originator prices in 2013 ( Table 2 and Figure 3 ). In addition, no overall difference in the price reductions for these molecules and strengths was found for Western European countries combined versus CEE countries combined.
The picture regarding methotrexate is complicated by the use of this medicine for immunological conditions such as rheumatoid arthritis and psoriasis. This meant that different originator and tablet strengths (2.5 or 5mg) were available amongst the European countries making comparisons difficult. In addition, the considerable time that both the originator and generic methotrexate have been available across Europe meant there were limited price reductions in reality between 2017 compared with 2013 among the various European countries. Consequently, no detailed analysis was undertaken with methotrexate.
The price reductions for capecitabine, flutamide, imatinib and temozolomide that have been achieved in practice (Table 2 ) confirm the findings of Hill et al that the costs of goods for cancer medicines can be very low in reality (52, 53) . This fuels the debate for greater transparency in the pricing of new medicines for cancer when pharmaceutical companies request premium prices especially where there is limited health gain for their new cancer medicines versus current standards.
In view of our findings, we also believe European health authorities, as well as health authorities from other countries, can use these results to re-assess their pricing approaches for generics, and the subsequent implications for oral generic cancer medicines, given concerns with the increasing costs of medicines to treat patients with cancer and issues of sustainability (28) . This is already happening, and may well accelerate, especially if issues of access and sustainability of cancer care continue to be priority issues for all key stakeholder groups. For instance, Austria, Lithuania, and Sweden, have recently introduced measures to further lower the prices they pay for generics and this trend is likely to continue (Table 1 ). However, this has to be balanced against issues of parallel exports and associated drug shortages if the prices of generics become too low (37, 123) , which is depicted in the unavailability of some oral generic cancer medicines in the countries studied. This will be the subject of ongoing research.
Based on our findings combined with the continual pressure on oncology budgets, we would also likely to see countries increasingly re-assess the prices of on-patent cancer medicines in their country once the comparator medicine used for pricing and reimbursement negotiations loses its patent (124). Such activities will be enhanced by the low prices that have been achieved for oral cancer medicines once their patent is lost (Tables 2 and 3 ), which will continue.
Encouragingly, unlike the situation with pregabalin (61), we saw no differences in the pricing approaches for generic cancer medicines versus those for other disease areas despite the emotive nature of cancer, and this will continue. This is essential to maximise savings from the availability of generic cancer medicines once available, with ongoing initiatives across Europe to encourage their use where pertinent. Likely current and future initiatives to enhance the prescribing of oral generic cancer medicines include additional demand-side measures especially among European countries with currently low use of generics versus originators. This could be alongside continued educational initiatives among key stakeholder groups, including patients, where pertinent about the lack of problems with oral generic cancer medicines given there were no concerns with substitution among the European countries surveyed ( Table 1) .
We are also unlikely to see major changes in pricing approaches once one indication loses its patent. The situation seen in Germany, as well as initiatives to encourage INN prescribing, helps in this regard. These initiatives are essential in oncology given the growing burden of the cost of medicines to treat patients with cancer across Europe combined with the need to continue to provide universal healthcare. Encouraging greater prescribing of generic medicines will be helped by limited or no fears with substituting generic cancer medicines for originators among physicians and pharmacists. This is unlike a limited number of other disease areas including some medicines for patients with epilepsy as well as lithium for patients with certain mental health conditions (67) (68) (69) .
If companies continue to purchase the patent for old cancer medicines and other products, and relaunch them at considerably higher prices, there is likely to be co-ordinated activities across Europe to try and address this. We are already seeing companies being fined, e.g. Italy, as well as countries instigating measures to reduce any burden from such approaches as seen currently in Germany and the UK. Such punitive actions are likely to grow in the future if this trend continues. However, this has to be balanced against potential availability especially if only small volumes are being used. This will again be the subject of continuing research.
Conclusion
We have again seen appreciable differences in the regulations surrounding the pricing of generics across Europe, reflected in different reimbursed prices for oral generic cancer medicines. Welcomed from an equity and resource perspective were no differences in the pricing approaches for medicines for cancer as opposed to other disease areas to help maximise savings once generics become available. In addition, the prices of generics, and any difference in the prices of generics in 2017, or price reductions versus 2013 originator prices, did not appear to be influenced by population size. This is also encouraging to maximise savings from the availability of oral generic cancer medicines. The prices of some generics were higher among Western European countries in 2017; however, this could have been influenced by generics being available earlier among CEE countries. There are concerns with some off-patented medicines being re-launched by alternative companies at appreciably higher prices, although there are ongoing steps across Europe to try to address this. These initiatives are likely to grow if this trend continues.
Reassuringly, there are no concerns with substitution of oral generic medicines. In addition, prices were typically similar across indications. Both results are important to maximise savings from generic availability once at least one indication loses its patent.
We have tried to reduce limitations with this study by using senior level personnel for the qualitative research as well as health authority and health insurance company databases for the quantitative research. However, we are aware that we did not use reimbursed prices throughout the countries, some prices did not include VAT, and we cannot be sure that the medicines chosen for the research are entirely used for cancer indications. Despite these concerns, we believe the findings of our comprehensive research are robust providing direction not only to key stakeholder groups across Europe but also wider.
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